Thrombolytic stroke therapy is based on the "re-canalization hypothesis," i.e., that reopening of occluded vessels improves clinical outcome in acute ischemic stroke through regional reperfusion and salvage of threatened tissues. Re-canalization is an important predictor of stroke outcome in all the modalities of thrombolysis. Thrombolysis in acute ischemic stroke evolved from clinical trials with intravenous (IV) tissue plasminogen activator (tPA) to combination treatments with Intra-arterial (IA)/mechanical reperfusion techniques. The combined approach reduces time to initiation of treatment and may increase re-canalization and chances of a good clinical outcome. In IV thrombolysis overall re-canalization rate is 46.2% during the first 6-24 hrs. Intra-arterial thrombolysis has higher early re-canalization rate, 63.2%. The highest re-canalization rate is seen with mechanical thrombolysis, 83.6%. Other factors in addition to re-canalization: stroke severity, older age, systolic hypertension, location of arterial occlusion, collateral blood supply, and time from stroke onset to treatment play an important role in determining the clinical outcome following thrombolysis with tPA. Future trials should look at the interplay of various factors like re-canalization, reperfusion, and collateral flow and clot burden in the evaluation of reperfusion therapies in acute ischemic stroke.
Introduction
Over the last decade or so there have been rapid advances in the management of patients with acute ischemic stroke. Since the publication of the landmark trial, National Institute of Neurological Disorders and Stroke (NINDS) Study Group in 1995, a significant advance has taken place in the stroke thrombolysis. [1] Intravenous (IV) recombinant tissue plasminogen activator (tPA) was approved for IV thrombolysis in acute ischemic stroke by the Food and Drug Administration, United States of America in 1996 and it represents the first scientifically proven reperfusion therapy. [2] The success of reperfusion therapy depends on both the degree of achievement of re-canalization and also on the degree and timing of reperfusion relative to ongoing brain ischemia.
Thrombolytic therapy in acute ischemic stroke is based on the "re-canalization hypothesis," reopening of occluded vessels improves clinical outcome through regional reperfusion and salvage of threatened tissues. [4] Though this hypothesis is well accepted, it has also been challenged. [5] Several biologic factors may weaken the relationship of re-canalization to outcome in patients with acute ischemic stroke. In large occlusive disease, re-canalization may not be effective because of distal embolization and microcirculatory occlusion (no reflow phenomenon). Re-canalization may occur too late to benefit ischemic tissue. Adequate collateral circulation may protect tissue even without re-canalization. Re-canalization may exacerbate tissue injury by promoting reperfusion injury, excessive cerebral edema, and hemorrhagic transformation. [4] Intravenous and intra-arterial (IA) thrombolysis is widely practiced in many developed and developing countries. More stroke units are being set up in developing countries. [6] The purpose of this article is to review the current understanding about re-canalization in acute ischemic stroke with particular reference to grading, re-canalization in various modes of thrombolysis, stroke outcomes and also the factors which may influence re-canalization.
Re-canalization Grading Arteriography
The thrombolysis in myocardial infarction (TIMI) grading system is widely used in stroke thrombolysis studies [ Table 1 ]. [7] However the TIMI grading system has certain limitations when applied to assess re-canalization of intracranial arteries. The TIMI system evaluates local re-canalization and does not accurately reflect the dynamic nature of the re-canalization process during thrombolysis in ischemic stroke. [8] By TIMI system, the phenomenon of proximal clot fragmentation followed by downstream embolization occluding smaller arteries cannot be adequately assessed. Higashida et al. [9] proposed the thrombolysis in cerebral infarction (TICI) score, and adapted the original TIMI score for the cerebral circulation as assessed on conventional angiography [ Table 1 ]. Mori proposed a classification looking at four degrees of reperfusion as seen on arteriography [ Table 1 ].
[10] Mori's classification divides large proportion of patients with partial reperfusion into two groups, Mori grade 2: reperfusion less than 50% of the territory of the occluded artery and Mori grade 3: reperfusion of more than 50%.
Arnold and his colleagues evaluated the outcome in patients with M1 or M2 segment occlusion of the middle cerebral artery (MCA) using TIMI and Mori grading systems. [11] No difference in the outcome was observed between the two grading systems when re-canalization or reperfusion was missing, minimal, or complete. In patients with partial re-canalization or reperfusion the outcome assessment was more refined with Mori grading system than with TIMI grading. If re-canalization or reperfusion is used as a surrogate marker in the stroke outcome trials, Mori grading gives additional information to the widely used TIMI classification.
Magnetic resonance angiography
Neumann-Haefelin and coworkers [12] used time of flight magnetic resonance angiography (MRA) to assess re-canalization rates in patients with acute ischemic stroke following IV thrombolysis. Outcomes were better in patients with TIMI 1 than in patients with TIMI 0, there by suggesting that even minimal early re-canalization might be beneficial in some patients following thrombolysis. Time of flight MRA may not be sensitive enough to pick up the slow flow, which can be visible on digital subtraction angiography (DSA), DSA TIMI 1 might correspond to MRA TIMI 0 and MRA TIMI 1 might correspond to DSA TIMI 2.
Transcranial Doppler
Demchuk and colleagues [13] studied re-canalization and outcomes following IV thrombolysis using transcranial Doppler. Re-canalization was assessed using brain ischemia (TIBI) flow-grading system. TIBI waveforms were graded as: 0-absent; 1-minimal; 2-blunted; 3-dampened; 4-stenotic; and 5-normal. Pre-treatment National Institute of Health Stroke Scale (NIHSS) scores were higher in patients with TIBI grade 0. TIBI flow improvement to grade 4 or 5 occurred in 35% of patients with an initial grade of 0 or 1, and in 52% with initial grade 2 or 3. The 24-hour NIHSS scores were higher in the follow-up in patients with TIBI grade 0 or 1. TIBI classification correlated well with initial stroke severity, clinical recovery, and mortality in IV tPA treated patients. A flow-grade improvement correlated with clinical improvement.
Reperfusion Strategies -Re-canalization Rates

IV thrombolysis
In all the major IV thrombolysis randomized trials, neither [7] 0: No re-canalization 1: Minimal re-canalization 2: Partial re-canalization 3: Complete re-canalization TICI [9] Grade 0: No Perfusion and no antegrade fl ow beyond the point of occlusion. Grade 1: Penetration with minimal perfusion. The contrast material passes beyond the area of obstruction but fails to opacify the entire cerebral bed distal to the obstruction for the duration of the angiographic run. Grade 2: Partial perfusion. The contrast material passes beyond the obstruction and opacifi es the arterial bed distal to the obstruction. However, the rate of entry of contrast into the vessel distal to the obstruction and/or its rate of clearance from the distal bed are perceptibly slower than its entry into and/or clearance from comparable areas not perfused by the previously occluded vessel, eg, the opposite cerebral artery or the arterial bed proximal to the obstruction. Grade 2a: Only partial fi lling (<2⁄3 rd ) of the entire vascular territory is visualized. Grade 2b: Complete fi lling of all of the expected vascular territory is visualized, but the fi lling is slower than normal. Grade 3: Complete perfusion. Antegrade fl ow into the bed distal to the obstruction occurs as promptly as into the obstruction and clearance Mori [10] 0: No reperfusion 1: Minimal reperfusion 2: Reperfusion of less than 50% of the territory of the occluded artery 3: Reperfusion of more than 50% of the territory of the occluded artery 4: Complete reperfusion Classifi cation by Mori and coworkers [10] ; TIMI, thrombolysis in myocardial infarction [7] ; TICI-thrombolysis in cerebral infarction [9] , Mori
Pandian: Re-canalization and acute stroke the vessel status (occlusion) nor the re-canalization status was assessed. [1, [14] [15] [16] [17] In the recent meta-analysis, the overall re-canalization rate with any intervention was 55%. In patients who received IV thrombolysis the re-canalization rate was 46.2%. Spontaneous re-canalization rate within 24 h was 24.1%. [4] The meta-analysis also analyzed the re-canalization rates in specific target vessels. Recanalization rate across all the vessels was 58.9%. For MCA/anterior cerebral artery (ACA), it was 61% (spontaneous 22%, IV 54.7%, IA 66.5%, combined IV/IA 66.6%, and mechanical 78%). For posterior circulation vessels, it was 66.2% (IV 80% (4/5), IA 63% (73/115), combined IV/IA 67% (2/3), and mechanical 100% (7/7)). Re-canalization rates were lower for internal carotid artery (ICA), 49.8% (IV 14% (5/36), IA 48.8% (59/121), combined IV/IA 60.5% (23/38), mechanical 77.8% (14/18)).
The introduction of modern noninvasive imaging modalities has greatly facilitated the assessment of vessel status both in the hyperacute situation and during the first few days after symptom onset, obviating the need for repeated catheter angiography. [12] MRA is particularly useful since it is relatively easy to interpret and can be combined with other stroke MRI sequences such as diffusion-and perfusion weighted imaging, thus allowing a comprehensive assessment of tissue status. [18] [19] [20] [21] [22] [23] [24] Recent IV thrombolysis trials In the recent trials in addition to the re-canalization, greater emphasis is being laid on the reperfusion as an important outcome measure using the diffusionperfusion mismatch. Desmoteplase is a highly fibrin specific and non-neurotoxic thrombolytic agent. The efficacy and safety of this agent was studied in a randomized dose-finding trial, desmoteplase in acute ischemic stroke trial (DIAS), in patients with perfusiondiffusion mismatch on MRI done within 3 to 9 h of onset of stroke. [25] Initially patients were randomized to fixed doses of IV desmoteplase (25 mg, 37.5 mg, or 50 mg) or placebo. As the observed rate of symptomatic intracranial hemorrhage was in excess, lower weightadjusted doses (62.5 µg/kg, 90 µg/kg, and 125 µg/kg) were subsequently investigated. Reperfusion was assessed 4 to 8 h post-treatment and defined as either ≥30% reduction of mean transit time (MTT) volume or ≥2 point improvement in TIMI grading scheme on the MRA. Early reperfusion correlated favorably with clinical outcome (52.5% vs. 24.6%) (P < 0.002).
The efficacy and safety of IV desmoteplase was further studied in a randomized dose-escalation study, dose escalation of desmoteplase in acute stroke (DEDAS), in patients who presented within 3 to 9 h stroke onset. [26] Eligibility criteria included baseline NIHSS scores of 4-20 and MRI evidence of perfusion/diffusion mismatch. Reperfusion was defined as either a ≥30% reduction of MTT volume of abnormality or ≥2 point improvement on the TIMI scale on MRA. The results of DEDAS were consistent with the results of DIAS. At a dose of 125 µg/ kg desmoteplase appeared to improve clinical outcome, especially in patients fulfilling all MRI criteria DIAS-2, a phase III study, was done to confirm the results of the DIAS/DEDAS studies and also to investigate the clinical efficacy and safety of desmoteplase in patients with acute ischemic stroke with tissue at risk, as assessed by MR PI-DWI or perfusion CT. [27] Patients were randomly assigned in 1:1:1 ratio to desmoteplase, or placebo within 3-9 h of symptom onset. Mismatches were evaluated qualitatively, difference between core and perfusion lesions, according to the local practices at each site. TIMI criteria were adopted while assessing the vessel patency. The median baseline NIHSS score was 9 (IQR 6-14), and only 30% of the patients had a visible occlusion of a vessel at presentation. The core lesion and the mismatch volumes were small (median volumes were 10.6 cm³ and 52.5 cm³, respectively). The DIAS-2 study failed to show a benefit of desmoteplase given 3-9 h after the onset of stroke. The high response rate observed in the placebo group may be related to low baseline NIHSS scores, small core lesions, and small mismatch volumes. These variables possibly reduced the potential to detect any effect of desmoteplase.
The diffusion and perfusion imaging evaluation for understanding stroke evolution (DEFUSE) study was designed to test the hypothesis that tPA treated patients with a mismatch who had early reperfusion would have a significantly higher rates of "favorable clinical response" than mismatch patients who did not have early reperfusion. [28] DEFUSE was a prospective study in patients with ischemic stroke within 3 to 6 h of symptom onset. MRI was done before and 3 to 6 h after IV tPA. Early reperfusion required a 30% or greater and 10 ml or more reduction in PWI lesion volume on the 3-to 6-hour follow-up scan. The "favorable clinical response" rate was defined as the proportion of patients with a NIHSS score of 0 to 1 or 8 point decrease from the base line at 30 days follow-up. The "Mismatch" profile was defined as a PWI lesion that was 10 ml or more and 120% or more of the DWI lesion. The "Small Lesion" profile was defined as a DWI and PWI volume both less than 10 ml. The "No Mismatch" profile was defined as a PWI volume less than 120% of the DWI lesion volume (patients with the small lesion profile excluded). The malignant profile was empirically defined as a baseline DWI lesion 100 ml or more and/or a PWI lesion of 100 ml or more with 8 seconds or longer of Tmax delay. Re-canalization was assessed by MRA as (1) normal, (2) decreased flow, (3) occluded, or (4) technically inadequate. The early followup MRAs (3-6 h after tPA bolus) were compared with the baseline MRA in an unblinded fashion to determine whether partial or complete re-canalization had occurred. canalization rates (50% to 80%) than IV therapy (30% to 50%). [3] The only IA randomized trial, Prolyse in acute cerebral thromboembolism II (PROACT II) trial, showed substantial benefit of treatment initiated up to 6 h after onset of an MCA M1 or M2 occlusion. [32] The re-canalization rate was significantly higher in the prourokinase group than in the control group (66% vs 18%, P < 0.001). Despite a higher rate of symptomatic intracranial hemorrhages (10% vs. 2%), the rate of favorable outcome (modified Rankin scale (mRS) 0-2 at 90 days) was significantly higher in patients given prourokinase than in those given placebo (40% vs. 25%, P = 0.04). Similar efficacy and safety profiles for IA treatment were described in many studies mostly case series. IA tPA may therefore be an option in select patients with large vessel occlusions, These patients have a limited response to IV tPA. Although re-canalization rates probably are higher with IA thrombolysis, the clinical benefit may be reduced by the time delay in initiation of the procedure and by the time necessary for chemical clot lysis. [3] Combined IV and IA Thrombolysis
In the interventional management of stroke (IMS) study, patients with NIHSS score of >10 were treated initially with 0.6 mg of IV tPA followed by IA tPA (upto 22 mg). [33] Partial or complete re-canalization was achieved in 64% of patients after IA treatment. Compared with historical controls treated with IV tPA, the IV and IA tPA treated patients showed only a modest trend to improved clinical outcomes. In a recent meta-analysis re-canalization rate of combined IV and IA thrombolysis did not significantly differ from IA alone (67.5% vs. 56/83; P < 0.45). [4] Mechanical thrombolysis Endovascular mechanical methods to achieve re-canalization offer several distinct advantages over endovascular pharmacological thrombolysis. Mechanical therapies may achieve re-canalization within a few minutes rather than up to 120 min required with IA thrombolysis. [3] They are more effective in removing large thrombi in proximal vessels, may be more efficacious at achieving full re-canalization and are associated with lower hemorrhage risk by eliminating exposure to thrombolytic agents. Disadvantages include bulky catheters, risk of endothelial damage, vessel wall perforation and intracranial bleeding. [3] Endovascular mechanical methods comprise a wide range of mechanical devices designed to mechanically retrieve, fragment or obliterate thromboemboli, atherosclerotic plaque and other vascular occlusions. [34, 35] The mechanical embolus removal in cerebral ischemia (MERCI) trial is a single arm trial to study the safety and technical efficacy of mechanical embolus removal.
Pandian: Re-canalization and acute stroke
Complete re-canalization was defined as a change from occluded to normal or decreased flow to normal. Partial re-canalization was defined as a change from occlusion to decreased flow. Early reperfusion was associated with significantly increased odds of achieving a favorable clinical response in patients with a perfusion/diffusion mismatch (odds ratio, 5.4; P < 0.03) and an even more favorable response in patients with the target mismatch profile (odds ratio, 8.7; P < 0.01). Patients with the no mismatch profile did not appear to benefit from early reperfusion. Early reperfusion was associated with fatal intracranial hemorrhage in patients with the malignant profile.
The echoplanar imaging thrombolytic evaluation trial (EPITHET) was a phase II prospective, randomized, double-blinded, placebo-controlled trial in patients with acute ischemic stroke who were imaged with serial echoplanar MRI and treated with IV tPA or placebo within 3-6 ho of stroke onset. [29] Standardized DWI, PWI, and MRA sequences were obtained before treatment and repeated at day 3-5. Reperfusion was defined as >90% reduction between baseline and day 3 PWI volumes. At baseline and day 3-5, the presence and degree of arterial obstruction in major intracerebral vessels were assessed using the TIMI scale. Re-canalization was defined as improvement of TIMI grading from baseline to day 3-5 arterial occlusion by ≥2 points. Reperfusion was more frequent with tPA than with placebo and was associated with less infarct growth (P = 0.001), better neurological outcome (P < 0.0001), and better functional outcome (P = 0.010) than was no reperfusion.
In summary with IV thrombolysis overall re-canalization rates vary from 30% to 92% during the first 6-24 h. [30] The temporal profile of re-canalization during the first 6 h after IV tPA shows a high rate of re-canalization during the first hour (45%), with only limited additional re-canalization during the second hour (11%) and up to 6 h (7%). [31] Re-canalization rates may vary depending on the site of occlusion and are lower in proximal than in distal occlusions, partly reflecting differences in clot burden. IV tPA may re-canalize only 10% of distal carotid occlusions and complete re-canalization of proximal MCA1 occlusion occurs in only 33% of patients. [3] Low rates of re-canalization have also been found in patients with coexisting carotid artery disease and with diabetes mellitus. [30] IA thrombolysis Compared with IV administration, IA tPA treatment offers potential advantages such as higher concentrations of tPA infused close to or into the clot, reduced systemic exposure to tPA and the possibility of mechanical disruption to facilitate thrombolysis. In open clinical series, IA thrombolysis has shown higher early re-Patients with ICA, M1 or M2-MCA, VA and BA occlusion were treated within 8 h of onset. [36] The median baseline NIHSS score was 19. Overall re-canalization was achieved in 46% of patients in intention to treat analysis. Clinically significant procedural complications occurred in 7.1% of patients, symptomatic intracranial bleeding in 5% and overall mortality was 44%. Favorable outcome (mRS≤2) at 90 days was more frequent in patients with successful re-canalization when compared to patients without (46% vs. 10%; P < 0.0001).
In a systematic review of studies of clot removal devices (laser, rheolytic, aspiration, coil, snare and ultrasonic devices) in acute ischemic stroke, [37] the distribution of arterial occlusion was MCA in 40%, ICA in 20% and posterior circulation in 39%. Patients had a preprocedure median NIHSS score of 21. The clot was accessible in 85% of patients. Re-canalization was achieved in 68% and any type of hemorrhage occurred in 23%. Of the accessible patients, 29% died and 34% had a favorable outcome at 90 days. Mechanical embolectomy appears to confer both survival and functional outcome advantages when compared with no intervention.
Combined pharmacological and endovascular treatment Early experience with endovascular interventions suggests that combined pharmacological and mechanical therapies are more often required to achieve optimum reperfusion, more so in patients with large vessel stroke. [38] The main concern of a combined approach is the hemorrhagic complications. The IMS trial showed that IV tPA followed by IA tPA carries an acceptable risk with an intracranial bleeding rate similar to to IV tPA treated patients. [33] A combined approach might therefore have an acceptable safety and lead to higher re-canalization rates and better clinical outcome.
Multi MERCI was an international, multicenter, prospective, single-arm trial of thrombectomy in patients with large vessel stroke treated within 8 h of symptom onset. [39] Patients with persistent large vessel occlusion after IV tPA treatment were included. Once the newer generation (L5 Retriever) device became available, investigators were instructed to use the L5 Retriever to open vessels and could subsequently use older generation devices and/or IA tPA. [39] Re-canalization was defined as achieving TIMI II or III flow in all treatable vessels. The baseline median (interquartile range) NIHSS score was 19 (15 to 23) . Treatment with the L5 Retriever resulted in successful re-canalization in 57.3% treatable vessels and in 69.5% after adjunctive therapy (IA tPA, mechanical). Overall, favorable clinical outcomes (mRS: 0 -2) occurred in 36% and mortality was 34%; both outcomes were significantly related to vascular re-canalization. [39] The IMS II study was an open-labeled single-arm pilot study to determine the usefullness or lack thereof of the combined IV/IA therapy and low-energy sonography via the EKOS Primo sonography microcatheter at the site of the arterial occlusion in eligible patients with acute large ischemic strokes (NIHSS ≥ 10) treated within 3 h of symptoms onset. [40] Complete re-canalization occurred in 41.4% of sonography microcatheter-treated occlusions at 60 minutes. Complete re-canalization was achieved at 2 h or at the end of the procedure in 68.9% in the ultrasound catheter treated group. IMS II provides evidence that the EKOS Primo sonography microcatheter exhibits a trend toward improved re-canalization of the occlusion compared with a standard microcatheter.
The IMS III Study is designed to determine if clinical outcomes achieved with standard IV tPA treatment can be improved with a reduced dose of IV tPA plus a more aggressive IA re-canalization approach. [41] The thrombectomy in unsuccessful stroke thrombolysis (THRUST) trial compares the effect of thrombectomy using the Merci Retriever vs. no intervention following unsuccessful IV thrombolysis (http://www.acutestroke. org). The THRUST study is part of the international collaboration Safe Implementation of thrombolysis in stroke (SITS). [42] The MR re-canalization of stroke clots using embolectomy (MR-RESCUE) trial selects patients on the basis of diffusion over perfusion weighted imaging mismatch within an 8-h time window, providing a 'physiological tissue salvage window' in individual patients instead of a general time window for groups of patients. [43] Sonothrombolysis Experimental evidence suggests that thrombolytic effect of IV tPA is substantially enhanced by ultrasound, particularly if used in low MHz-kHz frequency range. [44] [45] [46] The exposure to ultrasound causes various changes in the blood clot such as reversible disaggregation of uncross linked fibrin fibres and microcavity formation in the shallow layers of thrombus. [44] [45] [46] This increases penetration of tPA into the clot leading to residual flow enhancement with microstreaming and vessel dilation. [44] [45] [46] In CLOTBUST phase II trial 126 patients were randomly assigned to receive continuous TCD monitoring or placebo in addition to IV tPA. [47] Complete re-canalization or dramatic clinical recovery within 2 h after the administration of tPA bolus occurred in 49% in the target group as compared to 30% in the control group (P = 0.03). Only 4.8% patients developed symptomatic intracerebral hemorrhage. These results showed the positive effects of 2 MHz continuous TCD monitoring in acute stroke, with no increase in the rate of intracerebral hemorrhage. [48] In the TRUMBI trial, Daffertshofer et al. [48] included 26 patients within the 6-h time window in a multicenter clinical trial, 12 patients in tPA only group and 14 patients tPA plus 90 min of low frequency (300 kHz) ultrasound exposure group. The study had to be stopped prematurely due to an increased incidence of intracranial hemorrhages (tPA group-42% vs. tPA plus ultrasound group 93%). Parenchymal hemorrhages with subarachnoid extension or affecting normal brain tissue occurred in the combined treatment group. Potentially, reverberations of the long-wavelength ultrasound occurred inside the head, leading to hotspots in addition to the mechanical distortion of the brain microvessels with kHz frequencies. [48] Microbubbles, previously known as diagnostic microbubbles or gaseous microspheres, were originally designed to improve conventional ultrasound images, facilitation of thrombolysis is now emerging as a new treatment application for this technology. [49] Newer generation bubbles use specific phospholipid molecules that, when exposed to mechanical agitation, arrange themselves in nano-bubbles of consistent 1.2 µm (or even lesser) diameter. When injected intravenously, nano-bubbles carry gas through the circulation. [49] [50] [51] As the bubbles approach and permeate through the thrombus, they can be detected and activated by the ultrasound energy. Upon encountering an ultrasound pressure wave, the phospholipid shell breaks up and releases gas. The result is the bubble-induced cavitation with fluid jet that erode the thrombus surface. [49] [50] [51] In the presence of tPA, this erosion increases the surface area for thrombolytic action and accelerates lysis of clots. [49] [50] [51] Molina et al. first tested galactose-based air microbubbles (Levovist ® , Schering, Berlin, Germany), 2-MHz TCD, and IV tPA in humans with acute ischemic stroke. [52] In a recently conducted pilot trial, higher re-canalization rates were seen with third-generation perflutren-lipid microspheres. The perflutren microspheres (µS) reached and permeated beyond intracranial occlusions, with no increase in symptomatic hemorrhage after systemic thrombolysis. [53] Re-canalization and Stroke Outcome Clinical outcome in relation to re-canalization or no re-canalization was studied in a meta-analysis including 998 patients. [4] Good outcome was achieved in 58.1% of patients with re-canalization and in 24.8% of patients with no re-canalization (odds ratio, 4.43; 95% CI, 3.32 to 5.91). In the subgroup of patients in whom re-canalization was assessed within 6 h of onset, good outcome was achieved in 50.9% of patients with re-canalization and in 11.1% of patients with no re-canalization (odds ratio, 6.36; 95% CI, 3.32 to 12.17). [4] The frequency of fatal outcomes was 14.4% in patients with re-canalization and it was 41.6% in patients with no re-canalization (odds ratio, 0.24; 95% CI, 0.16 to 0.35). In the subgroup with re-canalization within 6 h, fatal outcomes occurred in 12.1% of patients with re-canalization and in 41.1% of patients with no re-canalization (odds ratio, 0.22; 95% CI, 0.10 to 0.51). Re-canalization is associated with a 4-to 5-fold increase in the odds of good final functional outcome and a 4-to 5-fold reduction in the odds of death.
Does Re-canalization Lead to Reperfusion?
Re-canalization of the primary occlusive arterial lesion does not necessarily imply capillary reperfusion. [54] Also, lack of re-canalization does not necessarily reflect absence of reperfusion. Among the 57 patients who did not achieve re-canalization in the DIAS trial, 24.6% achieved favorable clinical outcome after 90 days suggesting that reperfusion can occur in the absence of re-canalization. [25] One possible explanation is retrograde collateral flow. Adequate collateral circulation may contribute to maintain tissue viability in the absence of complete re-canalization. [54] Other factors in addition to re-canalization including stroke severity, older age, systolic hypertension, location of arterial occlusion, collateral blood supply, and time from stroke onset to treatment may play important role in determining clinical outcome in patients treated with tPA. [8] The beneficial effect of early restoration of cerebral blood flow on stroke outcome may be hampered in part by factors such as extent of irreversible brain injury before re-canalization, excessive glucose burden at the time of reperfusion, and blood pressure changes during thrombolysis. [8] Re-canalization and Clot Burden Vascular re-canalization rates vary depending on thrombus location with lower rates in proximal arteries. [4] In anterior circulation stroke, response to thrombolysis and clinical outcomes have been best in patients with distal MCA occlusion and worst in terminal ICA occlusion. [4, 55] Suspected mechanisms include larger thrombus burden and impaired collateral blood flow. [4, 55] Puetz et al. studied the clot burden in CT angiography (CTA) using a new grading system for the anterior circulation. They allotted major arteries 10 points for the presence of contrast opacification on CTA. [55] Two points each were subtracted for absence of contrast opacification in the complete cross-section of any part of the proximal M1 segment, distal M1 segment or supraclinoid ICA and 1 point each for M2 branches, A1 segment and infraclinoid ICA. Partial filling defects suggesting stenosis or non-occlusive thrombus were rated as patent. A score of 10 indicates absence of a visible occlusion on CTA, a score of 0 indicates occlusion of all major intracranial anterior circulation arteries. The clot burden score (CBS) was assessed in 263 patients with anterior circulation stroke who had undergone CTA. Patients with lower CBS (i.e. higher thrombus burden) had higher baseline NIHSS scores and lower baseline ASPECTS. There was a significant correlation of lower CBS with lower ASPECTS (Spearman's ρ = 0.45, P < 0.001) and higher NIHSS scores (Spearman's ρ = −0.50, P < 0.001). Patients with higher CBS were more likely to have an independent functional outcome (P < 0.001). In contrast, mortality increased in patients with low CBS compared with patients with high CBS (P < 0.001). In logistic regression analysis, CBS was an independent predictor of good functional outcome in a graded fashion after adjustment for age, gender and presence vs. absence of thrombolytic therapy. Final infarct size was larger in patients with low compared with patients with high CBS (P < 0.001). Furthermore, patients with lower CBS were more likely to have hemorrhagic infarct transformation (P < 0.003) and parenchymal hematoma (P < 0.008) on follow-up scans. As an advantage over angiographic scores, CBS does not rely on invasive vascular imaging and is therefore readily available when trying to decide on the best treatment approach in individual patients. [55] In conclusions, stroke thrombolysis has evolved from clinical trials of simple IV tPA to combination treatments with IA/mechanical reperfusion techniques. Re-canalization is a powerful predictor of outcome following thrombolysis using all modalities in acute ischemic stroke. Stroke centers vary widely in their practices all over the world. The choice of thrombolytic therapy will depend upon the local available infrastructure. IV tPA may be started at community hospitals before patients transfer to a comprehensive stroke centre, where endovascular re-canalization may be initiated. The combined approach thereby reduces time to initiation of treatment and may increase re-canalization and chances of good clinical outcome. [3] Future trials should look at the interplay of various factors like re-canalization, reperfusion, and collateral flow and clot burden score in evaluation of reperfusion therapies in acute ischemic stroke.
